Abstract Recent developments in deep-sea surveys have revealed the widespread distribution of cold-water corals over the deep-sea floor of the world ocean. There are no reports, however, concerning the taxonomic composition of cold-water corals and other benthic megafauna in the southern Emperor Seamounts area of the North Pacific Ocean. We analyzed benthic samples collected from a research vessel during scientific surveys and by scientific observers onboard commercial fishing vessels to examine the faunal composition of cold-water corals and other megabenthos in the southern Emperor Seamounts area.
Introduction
Recent developments in deep-sea surveys that use acoustic and submersible devices have revealed the widespread distribution of cold-water corals on the deepsea floor throughout the world ocean (Heifetz et al. 2005; Lundsten et al. 2009; McClain et al. 2010; Mol et al. 2002; Reed et al. 2006; Roberts et al. 2006) . Reports from
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Ocean, and many other areas have shown that some species of cold-water corals build complex structures and produce unique demersal communities in the same way as do shallow-water coral reefs (Heifetz 2002; Heifetz et al. 2005; Lundsten et al. 2009; McClain et al. 2010; Mol et al. 2002; Morris et al. 2013; Reed et al. 2006; Roberts et al. 2006; Stone et al. 2015) . Such frameworks of coldwater corals provide habitats or spawning and nursery grounds for fish and many other animals and thereby support diverse ecosystems (Baillon et al. 2012; Roberts et al. 2006 ). Because of their slow growth, long lifespans, and slow recovery from physical damage, cold-water corals attract attention as important components of vulnerable marine ecosystems (VMEs) in the context of marine biodiversity conservation and management (Roberts et al. 2009 ).
The Emperor Seamount chain is located from 30°N to 55°N and from 168°E to 178°E, extending from the Northwestern Hawaiian Islands to the Aleutian Trench in the western North Pacific Ocean (Fig. 1 ). In 1965, precious corals were discovered in this area. At the peak in 1981, more than 100 coral fishing boats from Taiwan and Japan are believed to have harvested approximately 300 metric tons of precious corals from this area; however, many things about this coral fishery remain unclear, including the target species and the area of operations (Grigg 1993 the echo sounder (JFW-820, Japan Radio Co. Ltd., Tokyo, Japan). The sampled benthos specimens were cryo-preserved onboard and were brought back to the laboratory for later examination. The benthos samples were examined preliminary onboard and preserved in 70% ethanol for more detailed later examination on shore.
Sample analysis
Cold-water coral specimens were identified to the benthic megafauna in the southern Emperor Seamounts area, cold-water corals were identified to the genus level for most samples, and detailed taxonomic examination such as more complicated microscopic observations of alcyonacean sclerites was deferred as a future task. However, specimens of the Coralliidae were subject to detailed taxonomic examination because of their importance in the past targeted fishery (Grigg 1993) . The Scleraxonia, Holaxonia and Calcaxonia, which constituted the order Gorgonacea in the previous classification system, were treated separately from the rest of Alcyonacea and grouped as "gorgonians" in this study, because gorgonians (Alcyonacea with solid axis) and other Alcyonacea (soft corals) have different growth-forms and are treated as separate VME indicator taxa by many fishery management bodies. Hereafter, we designate Scleraxonia, Holaxonia and Calcaxonia as "gorgonians" and Alcyonacea excluding these three suborders as "Alcyonacea (excluding gor-
The bathymetric range and occurrence frequency of gorgonians, Antipatharia and Scleractinia, which were found in relatively large numbers in the samples, were analyzed in 50 m depth intervals. In the bathymetric range analysis, colonial and habitat-forming Scleractinia were analyzed by species, but other cold-water corals were aggregated at the family level.
To determine the benthic composition and the percentage of cold-water corals in the total benthos biomass, we analyzed the entire catch collected by scientific surveys. The megabenthos samples other than cold-water corals were classified to the family or higher taxonomic levels, such as order or phylum. Cold-water corals were aggregated to the order or suborder levels. The occurrence and total wet-weight of these taxa in the catch was measured, and the occurrence frequency was calculated as the number of hauls in which the focal taxa appeared divided by the total number of hauls.
Most of the specimens examined in this study are stored 
Results

Composition of cold-water corals
We examined 213 cold-water coral specimens from the commercial trawl, 211 from the commercial gillnet, and 1174 from the scientific surveys. The specimens included 34 Stylasterina, 2 Pennatulacea, 69 Alcyonacea (excluding gorgonians), 998 gorgonians, 125 Antipatharia and 370
Scleractinia. In total 29 families and 78 distinct genera of coral were identified. Many genera were considered to include multiple species as indicated by "spp." in Table 2 .
One family (Stylasteridae) and two genera were identified in the Stylasterina (hydrocorals), Hydrozoa ( Table 2 ). The identified taxa in the Octocorallia included one genus in the family Pennatulidae (sea pens) and one unknown genus of the order Pennatulacea, three genera and one unknown genus in the family Clavulariidae of the suborder Stolonifera, and two genera in the family Alcyoniidae and, one genus in each of the families Nephtheidae, Nidaliidae and Paralcyoniidae of the Alcyoniina, Alcyonacea (excluding gorgonians). The specimens identified as scleraxonian gorgonians included six taxa in three families (Anthothelidae, Paragorgiidae, and Coralliidae), 14 genera in four families of the Holaxonia, and 15 genera in three families of the Calcaxonia (Table 2) .
Among the gorgonians sampled, more genera were in the Plexauridae (11) The largest number of cold-water corals taxa were collected from Koko seamount (2 stylasterinan genera, 2 pennatulacean genera, 9 alcyonacean genera, 38 gorgonian genera, 6 antipatharian genera and 21 scleractinian genera); Koko is the largest seamount in the Emperor seamount chain and the sampling there was the most intensive (Table 1) . Also rich in cold-water coral taxa
were Colahan (2, 9, 22, 4, and 12 stylasterinan, alcyonacean, gorgonian, antipatharian and scleractinian genera, respectively) and Kammu seamounts (2, 1, 3, 20, 3, and 14 stylasterinan, pennatulacean, alcyonacean, gorgonian, antipatharian and scleractinian genera, respectively; Table   1 ).
Bathymetric distribution of cold-water corals
Gorgonians were distributed over the widest depth range, from 275 to 1353 m (Fig. 2) . Most of the Acan thogorgiidae, Plexauridae and Primnoidae occurred at relatively shallower depth ranges, down to 500-600 m. In contrast to other gorgonian families, Chrysogorgiidae occurred over a relatively wider range, between 250 and over 1300 m. Antipatharia also were found over wide depth ranges but mainly in zones shallower than 500 m.
The family Schizopathidae showed the widest vertical species of the Scleractinia were found at relatively shallower depths. Among the solitary Scleractinia, the family Caryophylliidae showed the widest vertical distribution (250-1149 m).
Composition of benthic megafauna
In total, 21 classes of 10 phyla of benthic megafauna were collected during the scientific surveys and classified into 35 taxonomic groups for which frequencies of occurrence and wet-weights were calculated (Fig. 3) . Among all of the benthic taxa identified, Ophiuroidea, Anomura, other Decapoda and Echinoidea occurred at the highest frequencies (i.e. in more than 70% of all hauls). Gorgonians, Scleractinia, Asteroidea and Prosobranchia also occurred at high frequencies (in more than 60% of all hauls). The wet-weight of Echinoidea was highest (63.6 kg in total) with Ophiuroidea second (41.7 kg). Porifera had a high wet-weight (40.6 kg), comparable to Ophiuroidea, although its frequency of occurrence was relatively low (33.7%). Gorgonians and Scleractinia followed these taxa and had the highest and second highest wet-weights among the cold-water corals (29.7 and 23.1 kg, respectively). The frequencies of occurrence and total wetweights of Alcyonacea (excluding gorgonians), Stylasterina and Antipatharia were relatively low. The frequency of occurrence and total wet-weight of Pennatulacea were the lowest of all identified cold-water corals.
Several specimens of Zoantharia, Anomura and Ophiuroidea were confirmed to live on the colonies of gorgonians such as Primnoidae. Other sessile megafauna such as by the past coral fishing (Grigg 1993 ).
Many of the gorgonians collected were in the family
Primnoidae, a group known to provide important habitat structure for commercially important fish and other animals (Krieger and Wing 2002; Mortensen 2004, 2005; Stone 2006; Stone et al. 2015) .
The Scleractinia comprised large number of taxa (22 genera in 7 families) but their bathymetric range was slightly narrower than that of the gorgonians. Most of the scleractinians sampled were solitary and small species.
Scleractinia are known to form large reef structures in the North Atlantic Ocean and other regions (Mol et al. 2002; Morris et al. 2013; Reed et al. 2006) . In this study, some framework-building species of the Scleractinia were and aragonite (Fabricius and Alderslade 2001) . Thus, the calcification capacity of gorgonians are thought to be less dependent on ASH than are those of Scleractinia but more dependent on the calcite saturation horizon that is typically deeper than the ASH (Guinotte et al. 2006) . Antipatharia generally occurred at low frequency, but some families were distributed down to the depths comparable to gorgonians. Growth rates of Antipatharia are not dependent on the ASH because their axes are composed of protein (Goldberg et al. 1994 ).
Cold-water corals provide habitats for other animals (Roberts et al. 2006) . Various invertebrates such as Porifera, Crustacea and Ophiuroidea are known to be associated with cold-water corals in the North Pacific
Ocean (Parrish and Baco 2007; Stone and Shotwell 2007, Miyamoto and Kiyota 2017) . We confirmed that many specimens of Zoantharia, Anomura and Ophiuroidea in our samples were attached to colonies of gorgonians such as Primnoidae. Similarly, colonial Scleractinia were attached or inhabited by other benthic animals in the southern Emperor Seamounts area.
Many environmental factors and biological processes affect the regional species composition and diversity of the benthic fauna of the deep-sea floor and seamounts (Levin et al. 2001; Samadi et al. 2007 ). More than 300 islands comprise the Aleutian archipelago,
form the boundary between the deep North Pacific Ocean and shallower Bering Sea, and support the most abundant and diverse cold-water coral fauna in Alaska. Stone (2006) and Stone and Shotwell (2007) 
